The knowledge of the chemical composition of biomass feedstocks is very important in order to decide what lignocellulosic material to be used in the industrial process and the associated pretreatment to bioethanol production. In this context, the present work applied an analytical methodology of chemical characterization, developed for sugarcane bagasse, to other biomasses, namely, sugarcane straw, bamboo, bean stalk, residue from the extraction of castor oil, sape grass, wheat straw, African palm rachis, elephant grass and Agave tequilana. Chemical composition (cellulose, hemicellulose and lignin) of the raw materials was determined by the acid hydrolysis (H2SO4 72%) of theses extractives-free materials. Carbohydrates, organic acids and degradation products were determined by HPLC. Lignin and phenolics were analyzed by gravimetry and spectroscopy procedures, respectively. Results showed that, among the materials studied, the sugarcane bagasse had the higher amount of cellulose (43.8%) and the sugarcane straw had the higher amount of hemicellulose (32.4%) justifying the interest of apply these biomasses as raw materials for the production of cellulosic ethanol. Other biomasses presented cellulose composition varying between 31.8 and 41.7 %, hemicellulose between 21.2 and 28.6 %, and lignin from 20.6 to 33.6 %. Extractives showed more abundant in sape grass (18.7 %) and were removed before the composition analysis to avoid interferences in lignin quantification.
Introduction
The use of agroindustrial wastes as lignocellulosic sources to obtaining many chemicals is an alternative to contribute for the valuation of these byproducts. In this context, the ethanol produced by lignocellulosic materials is an interesting option allowing the production rise of this biofuel without increase the agricultural area, since that ethanol demand has increasing even more in the last years, with the objective of substitute oil and its derivates. This new way to use fuels and chemicals contribute significantly to reduce negative impacts for environment, mainly greenhouse gas produced by burning of fossil fuels Sarkar et al., 2012) .
The lignocellulosic biomass is a complex structure mainly constituted by three polymeric fractions, namely cellulose, hemicellulose and lignin. Organization and interactions among these polymers of the cell wall (constructed for strength and resistance to biological, physical, and chemical attack) constitute a barrier to be accessed by depolymerizing enzymes and must be partially deconstructed in the pretreatment step prior to saccharification (Hendriks and Zeeman, 2009; Blanch et al., 2011) .
Thus, the knowledge of the chemical composition of biomass feedstocks it is very important in order to decide what the lignocellulosic material to be use and the associated pretreatment for production of cellulosic ethanol. In particular, the processes development for the ethanol production from lignocellulosic biomass involves the optimization, in the integrated form, of multistep: pretreatment, hydrolysis and hydrolysate fermentation (Gouveia et al., 2009 ).
Nowadays, the chemical characterization methods utilized for analyze lignocellulosic biomass are adapted of methods for wood chemical characterization (TAPPI Methodology). First, it is necessary to remove non-structural material from biomass prior to analysis to prevent interference with later analytical steps. These procedures use a two-step extraction process to remove water-soluble and ethanol-soluble materials. Water-soluble materials may include inorganics, non-structural sugars, and nitrogenous material, among others.
Inorganic materials in the water-soluble material may come from both the biomass and any soluble material that it is associated with the biomass, such as soil and fertilizers. No attempt is made to distinguish the source of the inorganic material. Ethanol-soluble material includes chlorophyll, waxes, or other minor components. Some biomasses may require both extraction steps, while other biomasses may only require exhaustive ethanol extraction (Sluiter et al., 2008b) .
The amount of inorganic material in biomass, either structural or extractable, should be measured as part of the total composition. Structural ash is inorganic material that is bound in the physical structure of the biomass, while extractable ash is inorganic material that can be removed by washing or extracting the material. The methods utilized for ashes determination are substantially similar to ASTM (Standard Method for the Determination of Ash in Biomass) and expressed as the percentage of residue remaining after dry oxidation at 550 to 600ºC. All results are reported relative to the 105ºC oven dry weight of the sample (Sluiter et al., 2008a) .
For chemical analyze of carbohydrates and lignin of lignocellulosic materials, a two-step acid hydrolysis is generally used to fractionate the biomass into forms that are more easily quantified. The lignin fractionates into acid insoluble material and acid soluble material. The acid insoluble material may also include ash and protein, which must be accounted for during gravimetric analysis. On the other hand, the acid soluble lignin is measured by UV-Vis spectroscopy.
During hydrolysis the polymeric carbohydrates are depolimerized, forming oligomers and their constituent sugars, which are soluble in the hydrolysis liquid, and then are measured by High Performance Liquid Chromatography. In the constitution of hemicelluloses, the mainly fractions are xylose, acetic acid and furfural. For cellulose, are obtained glucose and hydroxymethylfurfural (HMF), since that can be converted to formic acid (Gouveia et al., 2009) .
In this context, the present work applied an analytical methodology of chemical characterization, developed and validated for sugarcane bagasse (Rocha et al., 1997; Gouveia et al., 2009) , to other biomasses, namely, sugarcane straw, bamboo, bean stalk, residue from the extraction of castor oil, sape grass, wheat straw, african palm rachis, elephant grass and Agave tequilana, in order to evaluate the advantages and disadvantages of this methodology for investigation the potential of carbohydrates these biomasses for bioethanol production.
Materials and Methods

Determination of Extractives in Lignocellulosic Biomasses
For determination of extractives in biomasses, samples of 10g (dry mass) of lignocellulosic materials were stored onto cellulose filter paper and then inserted into a Soxhlet extractor. The extraction was effected using cyclohexane-ethanol mixture 2:1 (v/v) for 8h period. After this time, the solid materials were dried in a 105º C drying oven until constant weight, for and then, realize a new extraction with water for 8h period.
Then, the solid materials were again dried in a 105ºC drying oven until constant weight, and the extractives percentage was calculated by mass difference between lignocellulosic material before extraction and after extraction. Extractive composition was not the aim of this work.
Chemical Characterization of Lignocellulosic Materials
The chemical characterization of extracted biomasses, showed in Fig. 1 , was performed by employing analytical methodology to sugarcane bagasse developed by Rocha et al. (1997) and validated by Gouveia et al. (2009) .
Samples of 2g (dry mass) of extracted lignocellulosic material, milled at 20 mesh (opening 0.841 mm), were weighed with 0.1 mg precision and transferred to a beaker of 100 mL to be treated with 10 mL of H2SO4 72 % (v/v), under vigorous stirring, in a thermostat bath at 45.0 ± 0.5 ºC for 7 min.
The reaction was stopped with addition of 50 mL with distilled water, and the sample transferred quantitatively to an erlenmeyer flask of 500 mL, raise the volume of water for 275 mL. For hydrolysis complete of remaining oligomers, the erlenmeyer was capped with aluminum paper and autoclaved for 30 min, with a pressure of 1.05 bar, at 121ºC. After autoclave decompression, the erlenmeyer was removed, cooling in a room temperature, and the reaction mixture was filtered and transferred for a volumetric flask of 500 mL, that was completed with wash water of material retained in the filter. 131 The volumetric flask with the hydrolysate was stored to carbohydrate analyzing.
Fig. 1. Flowchart of characterization process of lignocellulosic materials
Determination of Carbohydrates and Organic Acids by HPLC
The hydrolysates obtained by chemical characterization of biomasses were analyzed by High Performance Liquid Chromatography (HPLC). Aminex HPX-87H column (300 x 7.8 mm, Bio-Rad Laboratories Ltd) was employed in a Shimadzu LC-10 AD chromatograph, using H2SO4 0.005 mol.L -1 as mobile phase, with 0.6 mL.min -1 flow, at 45ºC.
The compounds were monitories with a Shimadzu RID-6A refractive index detector and the phenolic compounds presents in samples were removed by solid extraction cartridges Sep-Pak C18 (Waters).
The chromatograms of samples were compared with carbohydrates and organic acids standards to be analyzed, and the quantification was done by calibration curves of each compound. 
Lignocellulosic Materials
Determination of Insoluble Lignin in Acid Medium
The insoluble material retained in filter paper from acid hydrolysis step for chemical characterization was washed with approximately 1.5L of distilled water, to residual acid removal (until near pH 7), and oven dried at 105ºC until constant mass. The insoluble lignin percentage in acid medium was calculated in relation of dried mass lignocellulosic material, discounted ashes mass present in lignin.
Determination of Ashes in Lignin
The material labeled as insoluble lignin was put in porcelain crucibles previously calcined and brought to constant weight. After these materials were initially pre-calcined at 400ºC, for approximately 1 h with capped crucible the cap was removed and the crucible was calcined for more 2 h at 800ºC. After calcination, the crucibles were cold in desiccators and ashes mass were determined by weighting to 0.1 mg. The mass obtained was used to subtract from lignin amount (as described above "Determination of insoluble lignin in acid medium"), and then was obtained the actual mass of insoluble lignin.
Determination of Total Ashes
For determination of total ashes, 2g of raw lignocellulosic material were weighted (dry basis) in porcelain crucible previously calcined and brought to constant weight. After, these materials were initially pre-calcined at 400ºC for approximately 1h, with capped crucible, and then, the cap was removed and the crucible calcined for more 2h at 800ºC. After calcination, the crucibles were cold in desiccators and ashes mass were determined by weighting at 0.1 mg.
Determination of Soluble Lignin
An aliquot of 5 mL of the hydrolysate obtained in the acid hydrolysis step for chemical characterization of lignocellulosic materials was transferred to a 100-mL flask, together with 50 mL of distilled water and 2 mL of 6.5 mol.L -1 NaOH (final pH near 12).
After agitation, the volume was completed with distilled water and the resultant mixture was analyzed by UV determining the absorbance measure at 280 nm in a spectrophotometer UV-Visible Perkin Elmer Lambda 25 model spectrophotometer. The equation below was used to determine the soluble lignin concentration in hydrolysate: 
Determination of Furfural and Hydroxymethylfurfural
Furfural and hydroxymethylfurfural were analyzed by high performance liquid chromatography (HPLC), in a LiChrospher 100 RP-18 (5 µm) column of 125 x 4 mm (Hewlett-Packard), using acetonitrile/water 1:8 (v/v) with 1% of acetic acid as mobile phase, a flow rate of 0.8 mL.min -1 , at 25ºC.
The hydrolysate obtained in the acid hydrolysis step for chemical characterization of lignocellulosic materials was diluted with water in ratio of 1:5, and then filtered through a membrane with 0.47 µm pore size (Milipore), for totally removal of solids particles in the sample, and injected with a Rheodyne valve equipped with 20 µL injection loop. The compounds were detected at 276 nm using a UV-Visible Shimadzu SPD-10 detector. The furfural and hydroxymethylfurfural concentrations were determined by the calibration curves obtained with pure compounds.
Results and Discussion
After chemical characterization step, the lignocellulosic materials were quantified by sum analysis of all components presents in biomass. The results presented in Table 1 , show that a chemical composition quite varied of these materials. All analyses were performed in triplicate. In according with many studies in this area, the composition of different feedstocks can vary greatly due to the complex and heterogeneous nature of biomass (Sluiter et al., 2010) . In relation of extractives quantity, it was observed (Table 1 and Fig.2 ) that there is a high difference in amount of this component, ranging from 2.7% for Agave tequilana to 18.7% for sape grass. For sape grass, the high extractives amount justifies the high impermeability of this biomass and the interest for use of this biomass as coverage in rustic buildings (Scali, 2010) . Fengel and Wegener (1989) explain that the content and composition of extractives vary among lignocellulosic materials species, but there are also variations depending on the geographical site Viní cius F. N. Silva, Caroline J. A. Rocha, Eliana V. Canettieri, Adilson R. Gonçalves, and George J. M. Rocha / American Journal of Biomass and Bioenergy (2014) Vol. 3 No. 3 pp. 128-138 134 and the season. Among these extractives, resin components (terpenes, lignans, flavonoids and other aromatics), fats, waxes, fatty acids and alcohols are very common.
Fig. 2. Total extractives amount present in lignocellulosic materials evaluated.
For ashes analyzing, the biomasses showed ashes quantity ranging from 1.4% for sugarcane to 5.0% for African palm rachis (see Fig. 3 ). Normally, the ashes amount is related an inorganic species, such as, potassium, sodium, calcium, silica, nutrients resulted from the growth and harvesting (Yu et al., 2008) . However, these factors depending of way biomass was obtained. If biomass was collected from soil and didnt washed, these values can be higher than values reported in this work. In this case, itś necessary an unit operation to removal impurities and dirt of lignocellulosic materials. The cellulose amount was Ashes (%) Viní cius F. N. Silva, Caroline J. A. Rocha, Eliana V. Canettieri, Adilson R. Gonçalves, and George J. M. Rocha / American Journal of Biomass and Bioenergy (2014) Vol. 3 No. 3 pp. 128-138 135 obtained by sum of their derivates sugars, which are, the glucose (obtained by β(1→4) glycosidic bond hydrolysis total of cellulose), cellobiose (dimer of two glucose molecules) and hydroxymethylfurfural (product obtained by dehydration of glucose molecule).
Analyzing the graph on Fig. 4 and Table 1 , it was observed that the sugarcane bagasse has the higher cellulose amount (43.8% (in mass)) in comparative with other lignocellulosic materials studied. Other works using sugarcane bagasse, obtained cellulose quantity approximately 43.0% (in mass), which was near to that obtained in this work (Martí n et al., 2007; Agnihotri et al., 2010) . Hemicellulose (%) Viní cius F. N. Silva, Caroline J. A. Rocha, Eliana V. Canettieri, Adilson R. Gonçalves, and George J. M. Rocha / American Journal of Biomass and Bioenergy (2014) Vol. 3 No. 3 pp. 128-138 136 In relation to bioethanol production it is important that the biomasses have a great quantity of cellulose and hemicellulose (Fig. 5) available to use about fermentable sugars in biochemical processes. Thus, it can be observed that, among the lignocellulosics studied, sugarcane straw, sugarcane bagasse and wheat straw showed the highest polysaccharides (cellulose and hemicelluloses) quantities in relation to other materials, justifying the use of theses biomasses in studies of second generation ethanol.
The range of carbohydrate composition alone does not give the entire picture of the availability of this feedstock in the lignocellulosic. This evaluation should be made together with chrystallinity (Driemeier et al., 2011) and pre-treatment used. Important conclusion of this analysis is that the method is suitable for many different lignocellulosics, without modifications.
After chemical characterization of biomasses using H2SO4 72% (v/v), the lignin was quantified (Fig.  6 ). Although this macromolecule is, in a great part, insoluble in acid medium, there are lignin fragments of low molecular weight that are solubilized in this reaction conditions. Analyzing the graph on Fig. 6 and the Table 1 was observed a lignin composition varying from 20.6 to 33.6%. In general, the lignin constitutes between 15 and 30% of plant mass (Fengel and Wegener, 1989) .
Among the biomasses evaluated in this work, the less lignin quantities were attributed to sugarcane straw (20.6%), sugarcane bagasse (22.1%) and sape grass (22.2%), in according with other works . On the other hand, the castor oil residue and the african palm rachis showed the highest lignin quantity (27.7 and 33.6%, respectively). Many researchers have been investigated the cause of interferences with the lignin method applied to straws and some biomasses. They found that certain tannins, aromatic compounds, lignans, protein, or nitrogenous substances could coprecipitate with lignin (Sluiter et al., 2010) , which may explain the high lignin quantity to castor oil residue and african palm rachis. In relation to the castor oil residue, a recent study published showed that this biomass has near to 42% of cellulose and 19.2% of lignin (Mukhopadhyay et al., 2010) . With the chemical characterization results 
Lignin (%)
obtained for the castor oil residue in the present work, probably some low molar mass compounds were condensed and analyzed about lignin or some compounds were not identified, once that the mass balance not accounting for 100% of the original material.
Conclusions
In general, the analytical methodology of chemical characterization developed and validated for sugarcane bagasse showed adequate for the biomasses evaluated. For all evaluated biomasses, the balance mass was near to 100%, except for the castor oil residue (92.1%). According to this methodology, sugarcane bagasse, sugarcane straw and wheat straw showed higher carbohydrate quantity than the other biomasses, and this fact is important in a choice of biomass to be used in a process for ethanol lignocellulosic obtaining.
